The eect of low-dose gamma irradiation (0.25±1.00 kGy) on pre-packed whole-wheat our (atta) was assessed in terms of physico-chemical properties, nutritional quality, chapati-making quality and sensory attributes. Semi-pilot scale storage studies on irradiated pre-packed whole-wheat¯our revealed that there was no adverse eect of irradiation and storage up to 6 months of whole-wheat¯our treated at doses up to 1.00 kGy on total proteins, fat, carbohydrates, vitamin B 1 and B 2 content, colour index, sedimentation value, dough properties, total bacterial and mould count. Storage of wheat our resulted in slight increase in moisture, free fatty acids, damaged starch, reducing sugars and slight decrease in gelatinization viscosity. However, irradiation as such had no eect on any of these parameters. Irradiation at 0.25 kGy was sucient to extend the shelf-life of atta up to 6 months without any signi®cant change in the nutritional, functional attributes. Chapaties made from irradiated atta (0.25 kGy) were preferred even after 6 months storage, compared with the control.
Introduction
Cereals and cereal products, like semolina (rawa), re®ned¯our (maida) and whole-wheat¯our (atta), commonly in pre-packed form, are sold in the retail market. However, their shelf-life is restricted to 6±8 weeks because of insect infestation. In tropical countries, like India, adverse climatic conditions of high temperature and humidity result in insect proliferation, even in sealed pouches. The conventional method of fumigation, that is used for disinfestation of grains, is not suitable for sealed pouches because of non-penetration of the fumigant through the packaging material. Extensive work done at Bhabha Atomic Research Centre has shown the eectiveness of low-dose gamma radiation (up to 1.00 kGy) to achieve insect disinfestation of wheat (Rao et al., 1976) , Basmati rice (Rao et al., 1994a) , rawa (Rao et al., 1994b) , etc. Gamma radiation (0.2±1.00 kGy) destroys all the metamorphic stages of insects and sterilizes the adults of 32 known granary insects (Tilton et al., 1978; Urbain, 1986) . As irradiated food is wholesome and nutritionally adequate, the FAO/WHO/IAEA Joint Expert Committee on Food Irradiation has unconditionally cleared foods irradiated up to 10 kGy as safe for human consumption (Diehl, 1995) . Insect disinfestation of wheat and wheat products by gamma irradiation (1.00 kGy) has been approved in eight countries. In India, draft rules amending the Prevention of Food Adulteration Act (PFA) 1954 (PFA, 2000) to permit irradiation of 14 food products including rawa, atta and maida have been modi®ed by the Government, for the commercial application of the technology (Sharma, 1998) .The present study was undertaken to assess the eect of irradiation on pre-packed wholewheat¯our in terms of nutritional attributes, physico-chemical changes, quality for chapati (non-leavened bread) making and organoleptic evaluation, as well as to assess possible changes in the quality of irradiated wheat¯our as a result of storage at room temperature for 6 months.
Materials and methods

Sample
Whole-wheat¯our, also known as atta, packed in polyethylene pouches (75 guage) was procured in 2 kg packs from a reputed commercial atta manufacturer. The atta pouches were irradiated in a Co 60 irradiator. The doses used were 0.25, 0.50 and 1.00 kGy (100 pouches per dose) at the dose rate of 0.05 kGy min . One batch of 100 pouches was left untreated, to serve as control. After irradiation, the pouches were stored at room temperature for 6 months along with the control samples. The temperature varied between 27 and 33°C and relative humidity in the room ranged between 59 and 87%.
Random sampling was done (one out of every three pouches) for the analysis of the samples at 0 h, 3 and 6 months. Each batch of samples was thoroughly mixed and analysed for the following parameters.
Insect infestation
Visual observation for dead or live insects (either larvae or adults) was done by using the sieve method (Hill, 1990) .
Proximate analysis
Proximate analysis (moisture, proteins, lipids, ash, carbohydrates and analysis of vitamins B 1 and B 2 ) were made by using conventional American Association of Cereal Chemists (AACC) methods (AACC, 1983) . Rheological properties such as gelatinization viscosity were measured using a Brabender amylograph (Brabender OHG, Duisberg, Germany); dough properties, water absorption capacity by using a Brabender farinograph. Reducing sugars, damaged starch, free fatty acids, sedimentation value and colour index were estimated by conventional methods (AACC, 1983) . Lipid pro®les were studied by using thin layer chromatography (Rao et al., 1978a) .
Microbial analysis
Atta samples were analysed for total bacterial counts using plate count agar (Messer et al., 1984) and mould growth using Potato Dextrose Agar (Mislivec & Stack, 1984) , at ®xed intervals (initially, 3 and 6 months).
Chapati making
Whole-wheat¯our (100 g), salt (0.5 g) and water were hand mixed into dough. The amount of water required was determined by farinograph methods. The dough was allowed to rest for 30 min at room temperature, divided into balls (20 g each), rolled into 15 cm diameter chapati. The chapaties were roasted on a pre-heated nonstick griddle for 20 s on one side, 10 s on the back side, and put on the¯ame until complete pung occurred. This preparation is known as`Phulka' ± a kind of chapati without any greasing. Sensory evaluation of fresh chapaties was by a taste panel.
Sensory evaluation
Organoleptic evaluation of chapaties made from non-irradiated and irradiated wheat¯our was done by a trained taste panel using a seven-point Hedonic scale (Jellinek & Morton, 1985) . Characteristics such as colour, appearance, hand-feel, mouth-feel, pliability, aroma, taste and overall acceptability were judged. All analyses were done in triplicate and the results were reported as a mean with standard error. Statistical signi®cance was calculated using Student's t-test (Snedecor & Cochran, 1980) .
Results and discussion
No insect infestation in any metamorphic stage was found in any of the samples stored up to 6 months. The possibility that wheat had been fumigated before milling, packaging and storage might have resulted in the absence of insects in all of the samples. However, heavy insect infestation of Red¯our beetle (Tribolium castaneum) was observed in some other commercial brands in nonirradiated (control) wheat¯our samples after 4 weeks storage, whereas in irradiated samples complete disinfestation was achieved at 0.25 kGy.
These irradiated samples could be stored up to 6 months at room temperature without any insect proliferation.
Proximate analysis of wheat¯our and changes because of irradiation and/or storage are shown in Table 1 . The moisture content, which was 8.2± 8.5% initially, increased to 8.9±9.3% after 3 months storage. On further storage for 6 months it was increased to 9.7±9.9% as compared with the initial levels. Probably the packaging material used was not highly permeable to moisture. However, as expected, irradiation did not bring any signi®cant change either in moisture content or in any other macronutrients. These results were similar to those obtained in irradiated rawa (Rao et al., 1994b) . Although there was increase in moisture content after storage, the total microbial count (10 1 ±10 2 g )1 ) or total mould count (10 0 ±10 1 g
)1
) did not show any change even after 6 months. Similarly, in irradiated semolina (Rao et al., 1994b) and in cereal meals (Hanis et al., 1988) , no signi®cant dierence in microbial load was reported up to 1±2 kGy. The vitamin B 1 and B 2 contents were found to vary between 0.2± 0.3 and 0.1±0.2 mg per 100 g, respectively. These values remained unchanged after storage and irradiation. Free fatty acids showed an increase from 22 to 44% at 3 months storage and 55% at 6 months storage of wheat¯our. However, irradiation did not induce any change in free fatty acids (Fig. 1) . Separation of lipids into dierent components such as polar and non-polar lipids and various subcomponents did not show any considerable change in the lipid pro®le because of radiation treatment.
Maltose value, an indicator of damaged starch, increased during storage in a dose responsive manner. In non-irradiated samples the value was 9.7 mg g
)1 , which increased twofold at 1.00 kGy. Reducing sugar content increased similarly from 12.2 mg g
)1 in non-irradiated controls to 25.0 mg g
)1 on storage (6 months), and the increase was signi®cantly higher in irradiated samples (Fig. 2) . Ananthaswamy et al. (1970) have observed that in wheat, damaged starch is more susceptible to amylolysis, and the amount of damaged starch increased concomitantly with the increase in radiation dose, leading to increased levels of reducing sugars. The increase in damaged starch also led to concomitant decrease in gelatinization viscosity which was more signi®cant 9.9 9.9 9.7 10.6 Fat 0 1.9 2.0 1.9 2.0 6 1.9 1.9 1.9 1.9 Ash 0 1.6 1.4 1.4 1.6 6 1.4 1.5 1.5 1.8 Protein 0 11.7 12.3 11.8 11.9 6 11.9 12.9 12.6 11.9 Carbohydrate 0 76.3 76.1 76.5 76.0 6 74.9 73.6 74.3 73.6 Figure 1 Free fatty acids of irradiated wheat¯our. on storage for 6 months. The initial value of gelatinization viscosity, 903 B.U., decreased to 893 and 780 B.U. in 0.25 and 1.00 kGy samples, respectively (Fig. 3) . On further storage, the viscosity decreased steeply in non-irradiated as compared with irradiated samples, probably because of increased damaged starch. Our earlier work on wheat using various doses for disinfestation had also shown that with an increase in radiation dose the gelatinization viscosity decreased (Rao et al., 1978b) . Farinograph studies on atta showed no signi®cant changes as a result of irradiation or storage. Similarly, sedimentation value or the colour index did not show any variation as a result of storage or irradiation. Water absorption as well as dough stability also remained unchanged (Table 2 ).
All these subtle changes in starch did not aect the acceptability of chapaties made from irradiated atta. Overall acceptability, judged by trained taste panels, revealed that at the lowest dose (0.25 kGy), there was no change in acceptability compared with control. The results of the evaluation of various quality attributes of chapaties (colour, appearance, hand-feel, taste, aroma) made from controls or irradiated atta are given in Table 3 . Chapaties made from irradiated atta at the higher dose (1.00 kGy) had an acceptance which was slightly lower than the control. However, after storage for 3 months at room temperature, the acceptability of control samples decreased signi®cantly compared with irradiated ones, which rated better. On further 6 months storage, control samples showed increased deterioration and the chapaties were not acceptable, whereas chapaties made from atta irradiated at 0.25 kGy were still highly acceptable. For comparison, control samples stored at 0°C were used for taste panel work. Chapaties made out of irradiated atta scored better even when compared with cold-stored control samples. It was interesting to note that the chapaties made from irradiated atta (0.25 kGy) stored for 6 months scored better than the corresponding control samples in every quality attribute. Non-irradiated control samples stored for 6 months were not acceptable because of rancidity and bitterness. Increased reducing sugars as a result of irradiation of atta might have masked rancid¯avours, a matter which needs to be investigated further. Earlier studies on bread made from wheat¯our irradiated at low doses have shown that the acceptability was not aected (Rao et al., 1978b) .
Conclusion
Our studies have shown that gamma irradiation at 0.25 kGy was eective as a disinfestation treatment. Irradiated atta stored at room temperature for 6 months showed no adverse eects on nutritional value, rheological properties and functional properties. Chapaties made from irradiadiated atta (0.25 kGy) even after 6 months storage, were preferred by the taste panel, compared with control.
